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^ EP 0 649 008 B1 

Description 

BACKGROUND OF THE INVENTION 

s Field of the Invention 

The present invention relates to a zirconia diaphragm structure, a method of producing the same, and a piezoe- 
lectric/el ectrostrictive film element including the zirconia diaphragm structure. In particular, the invention is concerned 
with such a diaphragm structure having a thin zirconia diaphragm that is free of buckling, cracks and other defects, 
10 and a method of producing the diaphragm structure, and is also concerned with a high-quality piezoelectric/electros- 
trictive film element including such a zirconia diaphragm structure. 

Discussion of Related Art 

is A diaphragm structure having a substrate or base with at least one window or opening formed therethrough, and 

a thin diaphragm plate formed of a flexible material so as to close the window or windows, has been widely used for 
various kinds of sensors. In recent years, this diaphragm structure has been increasingly used for piezoelectric/el ec- 
trostrictive actuators. When the diaphragm structure is used as a component of a sensor, the sensor has appropriate 
means for detecting the amount of bending or flexural displacement of a diaphragm of the diaphragm structure, which 

20 displacement is caused by an object (e.g., voltage) to be measured by the sensor. When the diaphragm structure is 
used as a component of a piezoelectric/electrostrictive actuator, the diaphragm of the diaphragm structure is deformed 
or deflected by a piezoelectric/electrostrictive element formed on the diaphragm. For example, the actuator utilizes a 
change in the pressure in a pressure chamber formed within the diaphragm structure. 

The diaphragm structure as described above may be produced by forming an integral body consisting of the sub- 

25 strate serving as a base or support, and a film member which is supported by the substrate and which provides the 
diaphragm. For improved operating reliability, and increased heat resistance and corrosion resistance, the diaphragm 
structure is desirably formed as a fired integral ceramic body, as proposed in U.S. Pat. No. 4,894,635 (corresponding 
to JP-A-63-292032) owned by the assignee of the present application, and co-pending European Patent Application 
No. 92306517.1 (corresponding to JP-A-5-29675) assigned to the present assignee. These documents disclose a 

30 piezoelectric/electrostrictive film element in the form of a fired integral body of a ceramic material, which is used for a 
pressure sensor and a piezoelectric/electrostrictive actuator. 

The integral ceramic diaphragm structure as described above is generally formed by laminating a ceramic green 
substrate having a window with a thin ceramic green sheet for closing the window, to thus form an integral green laminar 
ceramic body having a diaphragm portion which closes the window at one of the opposite open ends of the window. 

35 The green laminar ceramic body is then fired into the integral diaphragm structure. The inventors of the present invention 
found that the thus prepared diaphragm structure tends to suffer from buckling or cracking at the diaphragm portion. 
The buckling and cracking at the diaphragm portion are detrimental to the intended function or operation of the dia- 
phragm, resulting in reduced operating reliability. 

40 SUMMARY OF THE INVENTION 

It is therefore a first object of the present invention to provide a zirconia diaphragm structure which has reduced 
buckling, cracking and other physical defects at its diaphragm portion and which assures improved operating reliability 

It is a second object of the present invention to provide a method suitable for producing such a diaphragm structure. 
4 5 it is a third object of the invention to provide a piezoelectric/electrostrictive film element using the diaphragm struc- 

ture as described above, in particular, a piezoelectric/electrostrictive film element having an excellent quality. 

According to one aspect of the present invention there is provided a zirconia diaphragm structure comprising: a 
zirconia substrate having at least one window and containing 0. 1 -5.0% by weight of one of combinations consisting of 
(i) alumina and calcia, (ii) alumina, calcia and magnesia, (iii) alumina, calcia and silica, and (iv) alumina, calcia, mag- 
& o nesia and silica; a zirconia diaphragm plate formed integrally with the zirconia substrate so as to close each window 
of the zirconia substrate, at an open end of each window. The diaphragm plate includes at least one diaphragm portion 
which corresponds to the above-indicated at least one window. 

According to another asepct of present invention there is provided a zirconia diaphragm structure comprising a 
zirconia substrate having at least one window, and a zirconia diaphragm plate formed integrally with the zirconia sub- 
& 5 strate so as to close each window at an open end of the window, the zirconia diaphragm structure being produced by 
a method comprising the steps of: preparing a zirconia green substrate having at least one window and containing a 
source material which gives, after firing of the zirconia green substrate, 0.1-5.0% by weight of one of combinations 
consisting of (i) alumina and calcia, (ii) alumina, calcia and magnesia, (iii) alumina, calcia and silica, and (iv) alumina, 
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calcia, magnesia and silica; forming a zirconia green sheet on the zirconia green substrate, to provide an integral green 
laminar structure in which the window or windows of the zirconia green substrate is closed by the zirconia green sheet; 
and firing the integral green laminar structure into an integral sintered body in the form of the zirconia diaphragm 
structure wherein the zirconia diaphragm plate formed by firing of the zirconia green sheet provides at least one dia- 
5 phragm portion which closes the window or windows of the zirconia substrate formed by firing of the zirconia green 
substrate. 

In the zirconia diaphragm structure constructed or produced as described above according to the present invention, 
the diaphragm portion or portions closing the window or windows of the substrate can have no or low buckling, cracking 
and other defects. Thus, the present diaphragm structure has improved quality and enhanced operating reliability. 

10 in one preferred form of the invention, the zirconia substrate and zirconia diaphragm plate are principally formed 

of partially stabilized zirconia or a material which is fired into partially stabilized zirconia. In this instance, the fired 
zirconia substrate and the diaphragm plate exhibit high physical or mechanical strength, and high degrees of heat 
resistance and corrosion resistance, and the diaphragm plate can be made sufficiently thin, exhibiting high flexibility. 
Thus, the present diaphragm structure has a wide range of applications. 

15 The above-described second object may be attained according to a further aspect of the present invention, which 

provides a method of producing a zirconia diaphragm structure comprising a zirconia substrate having at least one 
window, and a zirconia diaphragm plate closing each window at an open end of the window, the method comprising 
the steps of: (a) preparing a zirconia green substrate having at least one window and containing a source material 
which gives, after firing of the green substrate, 0. 1 -5.0% by weight of one of combinations consisting of (i) alumina and 

20 calcia, (ii) alumina, calcia and magnesia, (iii) alumina, calcia and silica, and (iv) alumina, calcia, magnesia and silica; 
(b) preparing a zirconia green sheet; (c) laminating the thin zirconia green sheet on the zirconia green substrate, to 
provide an integral green laminar structure in which the at least one window of the zirconia green substrate is closed 
by the zirconia green sheet; and (d) firing the integral green laminar structure into an integral sintered body in the form 
of the zirconia diaphragm structure wherein the zirconia diaphragm plate formed by firing the zirconia green sheet 

25 provides at least one diaphragm portion which closes the at least one window of the zirconia substrate formed by firing 
the zirconia green substrate. 

The zirconia green sheet and zirconia green substrate may be formed of a zirconia material which comprises 
partially stabilized zirconia or which is fired into partially stabilized zirconia. Preferably, the zirconia material for the 
zirconia green sheet has an average particle size which is smaller than that of the second zirconia material for the 

30 zirconia green substrate. For example, the zirconia material for the zirconia green sheet preferably has an average 
particle size of 0.05-0.5}im, and the zirconia material for the zirconia green substrate preferably has an average particle 
size of 0.1-1.0um The thickness of the zirconia green sheet may be determined so that the above-indicated at least 
one diaphragm portion has a thickness of not larger than 30um 

According to a still further aspect of present invention there is provided a piezoelectric/electrostrictive film element 

35 comprising a zirconia diaphragm structure and at least one piezoelectric/electrostrictive unit formed on the zirconia 
diaphragm structure, the zirconia diaphragm structure including a zirconia substrate having at least one window, and 
a zirconia diaphragm plate formed integrally with the zirconia substrate so as to close each window at an open end of 
the each window, each of the above-indicated at least one piezoelectric/electrostrictive unit including a lower and an 
upper electrode and a piezoelectric/electrostrictive layer interposed between the lower and upper electrodes, the pie- 

40 zoelectric/electrostrictive film element being produced by a method comprising the steps of: (a) preparing a zirconia 
green substrate having at least one window and containing a source material which gives, after firing of the zirconia 
green substrate, 0.1-5.0% by weight of one of (i) alumina and calcia, (ii) alumina, calcia and magnesia, (iii) alumina, 
calcia and silica, and (iv) alumina, calcia, magnesia and silica; (b) forming a zirconia green sheet on the zirconia green 
substrate, to provide an integral green laminar structure in which the at least one window of the zirconia green substrate 

45 is closed by the zirconia green sheet; (c) firing the integral green laminar structure into an integral sintered body in the 
form of the zirconia diaphragm structure wherein the zirconia diaphragm plate formed by firing of the zirconia green 
sheet provides at least one diaphragm portion which closes the window or windows of the zirconia substrate formed 
by firing of the zirconia green substrate; and (d) forming, by a film-forming method, each piezoelectric/electrostrictive 
unit on an outer surface of the corresponding diaphragm portion of the zirconia diaphragm plate of the zirconia dia- 

50 phragm structure. 

In the thus constructed piezoelectric/electrostrictive film element, the zirconia substrate and zirconia diaphragm 
plate of the diaphragm structure are preferably formed principally of partially stabilized zirconia or a material which is 
fired into partially stabilized zirconia. 

Since the diaphragm structure of the above-described piezoelectric/electrostrictive film element is free from buck- 
55 |jng and cracking at the diaphragm portion or portions, the film element has significantly improved operating reliability, 
and can therefore be advantageously used for various actuators, display devices, sensors, microphones, sounding 
bodies (such as loudspeakers), and various resonators or oscillators for power devices and communication devices. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above and optional objects, features and advantages of the present invention will be better understood by 
reading the following detailed description of a presently preferred embodiment of the invention, when considered in 
5 connection with the accompanying drawings, in which: 

Fig. 1 is a cross sectional view showing one embodiment of a zirconia diaphragm structure of the present invention; 



As described above, the zirconia diaphragm structure is formed by firing an integral laminar structure consisting 
of a zirconia green substrate which provides a zirconia substrate or base having a window or windows, and a thin 
zirconia green sheet whose inner part serves as a diaphragm portion that closes one of opposite open ends of each 
window of the substrate. According to the present invention, a particular substance(s) or material(s) is/are added to 
20 the zirconia green substrate, which is then fired integrally with the thin zirconia green sheet, so as to provide the zirconia 
diaphragm structure which is free from buckling and/or cracks that would otherwise occur in the diaphragm portion. 
Referring to Figs. 1 and 2, there will be described in detail an example of the diaphragm structure constructed according 
to the principle of the present invention. This embodiment has one window formed through the thickness of the zirconia 
substrate. 

25 As shown in Figs. 1 and 2, an integrally formed diaphragm structure 2 consists of a zirconia substrate or base 4 

which has a rectangular window or opening 6 of a suitable size, and a thin zirconia diaphragm plate 8 which is super- 
posed on one of opposite major surfaces of the zirconia substrate 4, so as to close one of the opposite open ends of 
the window 6. The thus formed diaphragm structure 2 has an inner diaphragm portion 10 which is aligned with the 
window 6 of the zirconia substrate 4, as viewed in the plane of the structure 2. To produce this diaphragm structure 2, 

30 a thin zirconia green sheet 12 which gives the zirconia diaphragm plate 8 is superposed on a zirconia green substrate 
14 which gives the zirconia substrate 4, as shown in Fig. 3, thereby to form an integral green laminar structure, which 
is then fired into the integral diaphragm structure 2. The zirconia green sheet 12 and/or the zirconia green substrate 
14 may be formed by laminating a plurality of sheets or substrates having a smaller thickness value. It is to be under- 
stood that the shape of the window 6 of the diaphragm structure 2, in other words, the shape of the diaphragm portion 

35 10 is by no means limited to the rectangular shape as in the present embodiment, but may be suitably selected de- 
pending upon the application of the diaphragm structure 2. For example, the diaphragm portion 10 may have a circular, 
polygonal or elliptical shape, or a combination of such different shapes. 

The zirconia green sheet 12 and zirconia green substrate 14 which cooperate to give the present diaphragm 
structure 2 are both formed of a known zirconia material. The use of zirconia is advantageous since the obtained 

40 diaphragm structure 2 exhibits high degrees of physical strength, heat resistance and corrosion resistance, and the 
diaphragm portion 1 0 can be formed with a sufficiently small thickness and shows high flexibility. These properties may 
be further enhanced when the green sheet 1 2 and green substrate 1 4 are formed of partially stabilized zirconia whose 
crystal phase is partially stabilized by a suitable compound, or formed of a material that is fired into a partially stabilized 
zirconia. 

45 The term "partially stabilized zirconia" used herein means zirconia the crystal phase of which is partially stabilized 

by addition of a single compound or a mixture of compounds, so that only a part of the zirconia undergoes phase 
transformation when the zirconia is subject to heat, stress or the like. The compound or compounds for partially sta- 
bilizing zirconia may be selected from yttrium oxide, cerium oxide, magnesium oxide, calcium oxide and others. The 
amount of addition of these compounds is preferably determined such that (a) yttrium oxide amounts to 2-7 mole % 

50 of the material for the green sheet or substrate, (b) cerium oxide amounts to 6-1 5 mole % of the green sheet or substrate 
material, and (c) magnesium oxide or calcium oxide amounts to 5-1 2 mole % of the green sheet or substrate material. 
Among these compounds, it is particularly preferable to use yttrium oxide as a partially stabilizing agent in an amount 
of 2-7 mole %, more preferably in an amount of 2-4 mole %. By the addition of yttrium in an amount in the above range, 
the primary crystal phase of the zirconia is partially stabilized to provide the tetragonal system or a combination of two 

55 or three systems selected from the cubic, tetragonal and monoclinic systems. The zirconia thus partially stabilized 
assures excellent characteristics of the resultant diaphragm structure. While it is desirable that the diaphragm plate 8 
of the diaphragm structure 2 is formed entirely of the partially stabilized zirconia, not more than 10% by weight of an 
additive or a sintering aid may be added as needed to the zirconia material for the diaphragm plate 8. Likewise, the 
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Fig. 2 is a bottom plan view of the diaphragm structure of Fig. 1 ; 

Fig. 3 is a perspective view illustrating a step in the process of producing the diaphragm structure of in Fig. 1; 
Fig. 4 is a cross sectional view showing an example of a piezoelectric/electrostrictive film element using the zirconia 
diaphragm structure of the present invention; and 

Fig. 5 is an exploded perspective view of the piezoelectric/electrostrictive film element of Fig. 4. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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zircon ia material for the zircon ia substrate 4 may contain such additive or aid, to the extent that the additive does not 
reduce the above-described effects or advantages of the partially stabilized zirconia used. 

It is desirable that the partially stabilized zirconia material or the material that is fired to give the partially stabilized 
zirconia, for forming the zirconia green sheet 12 and zirconia green substrate 14, has a suitably selected grain size so 
5 as to achieve the object of the present invention. Explained more specifically, the zirconia green sheet 1 2 is desirably 
formed of a partially stabilized zirconia material or a material giving partially stabilized zirconia by firing thereof, which 
has the average particle size of 0.05-0.5 ujti, preferably, 0. 1 -0. 3 um The zirconia green substrate 1 4 is desirably formed 
of a partially stabilized zirconia material or a material giving partially stabilized zirconia by firing thereof, which has the 
average particle size of 0. 1 -1 .0 um preferably, 0.3-0.6 urn Preferably, the average particle size of the material for the 

10 zirconia green sheet 12 is determined to be smaller than that of the material for the zirconia green substrate 14. 

By suitably selecting the average particle sizes of the respective materials for the zirconia green sheet 12 and 
zirconia green substrate 1 4 as described above, these green sheet and substrate 12,14 can be favorably fired into an 
integral structure, without buckling or cracking taking place in the inner diaphragm portion 10, to thus provide the 
diaphragm structure 2 having excellent properties, such as increased strength of the diaphragm portion 10. If the 

75 average particle size of the partially stabilized zirconia material or the material that is fired to give the partially stabilized 
zirconia is smaller than the lower limits specified above, it would be difficult to form the green sheet 12 and green 
substrate 14 without cracking of the sheets 12, 14 due to increased chronological changes of slurries used to form the 
sheets. As a result, the obtained diaphragm structure 2, when used for sensors or actuators, suffers from undesirably 
low operating stability. If the average particle size of the materials for the zirconia green sheet 12 and green substrate 

20 14 is larger than the upper limits specified above, the substrate 4 and diaphragm portion 10 of the obtained diaphragm 
structure 2 have reduced strength, and are likely to suffer from buckling, cracking and other defects. 

The zirconia green sheet 12 and zirconia green substrate 14 having suitable thickness are formed in a manner 
known in the art, by adding a suitable binder or organic solvent to the respective zirconia materials for the green sheet 
and substrate 12, 14 so as to form slurries or pastes. According to the present invention, the zirconia material for the 

25 zirconia green substrate 1 4 contains one of the following combinations of source materials for additional components: 
an alumina source material and a calcia source material; an alumina source material, a calcia source material, and a 
magnesia source material; an alumina source material, a calcia source material and a silica source material; and an 
alumina source material, a calcia source material, a magnesia source material and a silica source material. The alumina 
source material, calcia source material, magnesia source material and silica source material give alumina, calcia, 

30 magnesia and silica, respectively, to the fired zirconia substrate 4 formed by firing the green substrate 1 4. The amounts 
of these source materials are determined so that the total amount of the additional components, that is, alumina and 
calcia, or alumina, calcia and magnesia and/or silica, is held in the range of 0.1-5.0% by weight. The use of the zirconia 
green substrate 14 containing one of the above-indicated combination of the source materials is advantageous since 
the firing of the integral green laminar structure consisting of the zirconia green sheet 12 and green substrate 14 can 

35 be effected such that the sintering condition (sintering speed) and sintering characteristics of the green sheet 1 2 are 
approximated or made similar to those of the green substrate 14, so as to effectively avoid buckling and cracking at 
the diaphragm portion 10 of the thus obtained diaphragm structure 2. 

The amount of addition of the source materials (alumina source material and calcia source material, or alumina 
source material, calcia source material and magnesia source material and/or silica source material) to the zirconia 

40 green substrate 14 should be sufficient to assure the above-described effects offered by the addition of such source 
material. If the content of the source materials in the zirconia green substrate 14 is excessive, however, the sintering 
speed of the zirconia green substrate 14 is adversely influenced, with a result of wrinkling, buckling and other defects 
occurring in the diaphragm portion 10. Accordingly, the total amount of the source materials contained in the zirconia 
green substrate 1 4 should be controlled so that the zirconia substrate 4 formed by firing the green substrate 1 4 contains: 

45 an alumina component and a calcia component in a total amount of 0.1-5.0% by weight, preferably, 0.5-3.0% by weight, 
if the alumina source material and calcia source material are used; an alumina component, a calcia component, a 
magnesia component in a total amount of 0.1-5.0% by weight, preferably 0.5-3.0% by weight, if the alumina source 
material, calcia source material and magnesia source material are used; an alumina component, a calcia component, 
a silica component in a total amount of 0.1-5.0% by weight, preferably, 0.3-3.0% by weight, if the alumina source 

50 material, calcia source material and silica source material are used; or an alumina component, a calcia component, a 
magnesia component and a silica component in a total amount of 0.1-5.0% by weight, preferably, 0.3-3.0% by weight, 
if the alumina source material, calcia source material, magnesia source material and silica source material are used. 
When the alumina source material and the calcia source material are used along with the magnesia source material 
and/or the silica source material, it is desirable that the content of each of alumina and calcia be at least 1 %, preferably 

55 at least 1 0% of the total content of the components given by the above-indicated source materials. When the diaphragm 
structure is used for a piezoelectric/electrostrictive film element, the alumina source material and calcia source material, 
or the alumina source material, calcia source material and magnesia source material are preferably used to assure 
better piezoelectric properties of the element. 
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Among the source materials as indicated above, the alumina source material may be selected from among: alu- 
. mina; inorganic aluminum compounds such as aluminum chloride and aluminum nitrate; organic aluminum compounds 
such as aluminum alkoxide and aluminum acetylacetonate. The magnesia source material and the calcia source ma- 
terial are preferably added in the form of compounds other than oxides, since magnesium oxides and calcium oxides 

5 have undesirably high hygroscopic property. For example, the magnesia/calcia source material is favorably selected 
from among inorganic magnesium/calcium compounds such as carbonate, nitrate and chloride, and organic magne- 
sium/calcium compounds such as alkoxide and acetylacetonate. The silica source material may be selected from 
among: silica powder; inorganic silicon compounds such as silica gel and silicon chloride; organic silicon compounds 
such as silicon alkoxide and silicon phenoxide. While the above-indicated source materials are added independently 

10 so as to provide the corresponding components, i.e., alumina, calcia, magnesia and silica in the above case, it is also 
possible to add a single source material in the form of a compound so as to provide two or more of the above compo- 
nents. For example, the alumina and silica components may be given by addition of a single source material that is 
selected from clays such as kaolin and kibushi clay, and mullite. Further, cordierite may be added as a source material 
for the alumina, silica and magnesia components, and spinel may be added as a source material for the alumina and 

15 magnesia components. Also may be added calcium silicate as a source material for the calcia and silica components. 

To form the zirconia green sheet 1 2 and zirconia green substrate 1 4 used to produce the present zirconia diaphragm 
structure 2, green sheets are first formed by a generally used machine, such as a doctor blade machine or a reverse 
roll coater, using slurries or pastes which are prepared from the above-indicated materials by an ordinary method. If 
necessary, a plurality of thin green sheets may be laminated or stacked together, or initially prepared green sheets 

20 may be cut, machined, punched or otherwise processed, to provide the green sheet and substrate 12, 14 having desired 
thicknesses and shapes. In preparing the slurries or pastes for the green sheets, phthalic esters such as dioctyl phtha- 
late and dibutyl phthalate may be used as a plasticizer, and a dispersing agent such as sorbitan mono-oleate and 
sorbitan laurate may be used, as well known in the art. Further, the slurries or pastes include a solvent, such as toluene, 
xylene or alcohol. The thickness values of the thus obtained zirconia green sheet 12 and zirconia green substrate 14 

25 are suitably determined depending upon desired thickness values of the zirconia diaphragm plate 8 and zirconia sub- 
strate 4 of the diaphragm structure 2. More specifically, the thickness of the diaphragm portion 10 as part of the dia- 
phragm plate 8 is desirably held in a range of 1 u,m to 30 u,m, preferably in a range of 3u.m to 1 Sujti, so as to effectively 
prevent buckling, cracking or the like in the diaphragm portion 10. Therefore, the thickness of the zirconia green sheet 
12 is determined so that the thickness of the diaphragm plate 8 does not exceed 30um The thickness of the zirconia 

30 green substrate 14 is determined so that the zirconia substrate 4 obtained by firing the green substrate 14 generally 
has a thickness of at least 50um, preferably at least 100um 

The thus prepared zirconia green sheet 12 and zirconia green substrate 14 are superposed on each other by an 
ordinary method, and stacked together into an integral green laminar structure by means of thermo^ompression bond- 
ing, for example. Thereafter, the laminar structure is fired at a temperature of about 1 200-1 600°C, preferably 

35 1 300-1 500°C, to form the diaphragm structure 2 in the form of an integral sintered body. The firing of the laminar 
structure is effected under substantially the same conditions (including the firing temperature) as conventionally em- 
ployed for firing zirconia materials. 

The zirconia diaphragm structure 2 thus obtained according to the present invention is free from buckling, cracking 
and other defects at the diaphragm portion 10 thereof, assuring excellent quality and high operating reliability, and can 

40 be thus advantageously used for various applications, such as sensors and actuators. Further, the present zirconia 
diaphragm structure 2 can make use of advantageous properties of zirconia, that is, high mechanical strength, high 
degrees of heat resistance and corrosion resistance, and high flexibility when used with small thickness. Therefore, 
the zirconia diaphragm structure 2 can be favorably used as a part of a device, a conduit or the like which requires 
high corrosion resistance, together with various detecting means such as a strain gauge, so as to provide a corrosion- 

45 resistant pressure sensor adapted to monitor the internal pressure or other parameter of the device or conduit. The 
present diaphragm structure 2 can also be used with a suitable driving source, such as air pressure or a push rod, to 
provide an actuator which provides a relatively large amount of displacement at a relatively low frequency. 

In particular, the zirconia diaphragm structure of the present invention can be advantageously used for various 
sensors, and for a piezoelectric/electrostrictive film device in which a piezoelectric/electrostrictive unit is formed on 

50 one of opposite major surfaces of the diaphragm portion of the diaphragm structure. Described more particularly, the 
present diaphragm structure can be favorably used for various uni-morph, bi-morph or other types of piezoelectric/ 
electrostrictive film actuators which undergo displacement in the form of bending, deflection or flexture. Such piezoe- 
lectric/electrostrictive film actuators include, for example, servo-displacement elements, pulse-driven motors and ul- 
trasonic motors, as described in "FUNDAMENTALS TO APPLICATIONS OF PIEZOELECTRIC/ELECTROSTRICTIVE 

55 ACTUATORS", Kenji Uchino, Japan Industrial Technology Center. The present diaphragm structure can be also used 
for display devices, acceleration sensors, shock sensors, microphones, sounding bodies (such as loudspeakers) and 
various resonators or vibrators for power devices and communication devices. 

Fig. 4 schematically shows one example of the piezoelectric/electrostrictive film element 20, which uses one em- 
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bodiment of the zirconia diaphragm structure of the present invention, and Fig. 5 is an exploded perspective view of 
this film element 20. The element 20 has a diaphragm structure 22 to which there are integrally bonded a plurality of 
piezoelectric/electrostrictive units 24. Each unit 24 is formed on respective portions of the outer surface of the diaphragm 
portion of the diaphragm structure 22. The piezoelectric/electrostrictive units 24 are adapted to cause deflection or 
5 deformation of the corresponding parts of the diaphragm portion of the diaphragm structure 22, upon application of a 
voltage to the units 24. 

Described in detail, the diaphragm structure 22 constructed according to the present invention has a laminar struc- 
ture which consists of a thin closure plate 26 and a connecting plate 28 each formed of a zirconia material, and a 
spacer plate 30 formed of a zirconia material and interposed between the closure and connecting plates 26, 28. The 

10 connecting plate 28 has a plurality of communication holes 32 (three holes 32 in this example), which are spaced apart 
from each other by a predetermined distance in the longitudinal direction of the plate 28, as shown in Fig. 5. These 
communication holes 32 communicate with an external space. The spacer plate 30 has a plurality of rectangular win- 
dows 36 (three windows 36 in this example) formed therethrough. The windows 36 are spaced apart from each other 
by a predetermined distance in the longitudinal direction of the spacer place 30. The spacer plate 30 is superposed 

15 on the connecting plate 28 such that the windows 36 are held in communication with the respective communication 
holes 32 of the connecting plate 28. While only one communication hole 32 is provided for each of the windows 36, a 
desired number of communication holes 32 may be provided for each window 36, depending upon the application of 
the piezoelectric/electrostrictive film element 20. The closure plate 26 is superposed on one of the opposite major 
surfaces of the spacer plate 30 remote from the connecting plate 28, so as to cover or close the windows 36 of the 

20 spacer plate 30. In this arrangement, pressure chambers 38 are formed within the diaphragm structure 22 such that 
the pressure chambers 38 are held in communication with the space outside the structure 22, through the respective 
communication holes 32. 

As described above, the diaphragm structure 22 is formed as an integral sintered body made principally of zirconia. 
To produce the diaphragm structure 22, green sheets are initially formed by a generally used machine such as a doctor 

25 blade machine, reverse roll coater or screen printing machine, using slurries or pastes that are prepared from suitable 
zirconia materials, a binder and a solvent, for example. Then, the green sheets are subjected to cutting, machining, 
punching or other process as needed, so as to form the windows 36 and the communication holes 32 and thus provide 
precursors which give the respective plates 26, 28, 30. Then, these precursors are laminated on each other, and fired 
into the integral diaphragm structure 22. 

30 The piezoelectric/electrostrictive units 24 are formed on the outer surface of the closure plate 26 of the diaphragm 

structure 22, such that the units 24 are aligned with the respective pressure chambers 38, as viewed in the plane 
parallel to the outer surface of the closure plate 26. Each of the piezoelectric/electrostrictive units 24 includes a lower 
electrode 40, a piezoelectric/electrostrictive layer 42 and an upper electrode 44, which are formed in lamination in the 
order of description on the closure plate 26 by a suitable film-forming method. For the piezoelectric/electrostrictive 

35 units 24, it is particularly preferable to employ a piezoelectric/electrostrictive element as proposed in co-pending U.S. 
Patent Application No. 08/239,856 assigned to the assignee of the present patent application, which corresponds to 
JP-A-5-29675. 

The upper and lower electrode films 44, 40 and the piezoelectric/electrostrictive layer 42 of each piezoelectric/ 
elect restrictive unit 24 are formed on the outer surface of the closure plate 26 of the diaphragm structure 22 as an 

40 integral sintered body, by any one of various known methods including thick-film forming methods such as screen 
printing, spraying, dipping and coating, and thin-film forming methods such as ion-beam method, sputtering, vacuum 
vapor deposition, ion plating, CVD and plating. The materials used for forming the electrode films 40, 44 and piezoe- 
lectric/electrostrictive layer 42 may be suitably selected from various known materials and those materials as disclosed 
in the above-identified U.S. Patent Application. The thickness of the piezoelectric/electrostrictive unit 24 consisting of 

45 the electrode films 40, 44 and the piezoelectric/electrostrictive layer 42 is generally 100p.m or smaller. Generally, the 
thickness of each electrode film 40, 44 is 20jim or smaller, preferably 5u.m or smaller. To assure a relatively large 
amount of relative flexural displacement of the diaphragm portion of the diaphragm structure 22, the thickness of the 
piezoelectric/electrostrictive layer 42 is preferably 50u.m or smaller, more preferably in the range of 3ujti to 40um 
In the thus constructed piezoelectric/electrostrictive film element 20 wherein the piezoelectric/electrostrictive units 

50 24 are integrally formed on the diaphragm portion of the closure plate 26 of the zirconia diaphragm structure 22, the 
diaphragm portion of the closure plate 26 undergoes oscillation or flexural displacement due to the piezoelectric or 
electrostrictive effect of each piezoelectric/electrostrictive unit 24 upon application of a voltage thereto, whereby the 
pressure of a fluid within the pressure chambers 38 can be changed so as to effect flow or delivery of the fluid from 
the respective pressure chambers 38 as needed. 

55 As described above, the zirconia diaphragm structure constructed according to the present invention may be suit- 

ably used as a component of a piezoelectric/electrostrictive film element, and may also be used as a component of 
various other devices such as display devices, piezoelectric microphones, piezoelectric loudspeakers, sensors, oscil- 
lators, resonators, filters, and transformers. The construction of the piezoelectric/electrostrictive film element is not 
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limited to the details of the film element 20 described above for illustrative purpose only, but may be changed or modified 
as needed for use as a component of various actuators. 

[Examples] 

5 

To further clarify the present invention, there will be described in detail some examples of diaphragm structures 
that may be used for the piezoelectric/electrostrictive film element 20 shown in Figs. 4 and 5. It is to be understood 
that the present invention is not limited to the details of the following examples, but may be embodied with various 
changes, modifications and improvements, which may occur to those skilled in the art, without departing from the scope 

10 of the present invention. In the following description of the examples, parts and percentage representing the contents 
of various materials are based on weight, unless otherwise specified. 

Initially, some specimens of zirconia materials were prepared to form some examples of the diaphragm structure 
22 used for the piezoelectric/electrostrictive film element 20 shown in Figs. 4 and 5. Zirconia used for each specimen 
was partially stabilized by 3 mol% of yttria, and the specimens had respective average particle sizes as indicated in 

is TABLE 1 and TABLE 2 below. The zirconia materials for the spacer and connecting plates 30, 28 contained source 
materials which give after firing thereof predetermined amounts of additional components (alumina, silica, magnesia 
and calcia) as indicated in TABLE 1 and TABLE 2, in addition to the partially stabilized zirconia. The alumina component 
was added by coprecipitating alumina and zirconia, and the calcia component, silica component and magnesia com- 
ponent were added by mixing respective source materials in the form of calcium carbonate (CaCOj) powder, quartz 

20 powder and magnesium carbonate (MgC0 3 ) powder, with the partially stabilized zirconia to form respective slurries, 
so that desired amounts of the additional components were contained in the fired spacer and connecting plates 30, 
1 8. The calcium carbonate and magnesium carbonate were added so that the contents of CaO and MgO were controlled 
to the respective values as indicated in TABLE 1 and TABLE 2. 

Subsequently, green sheets having various thickness values were formed by an ordinary method, using the above- 

25 described specimens of the zirconia materials, and 
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the green sheets thus formed were then subjected as needed to cutting, machining, punching and other process, so 
as to form the closure plate 26, connecting plate 28 and spacer plate 30 used for forming the diaphragm structure 22 
for the piezoelectric/electrostrictive film element 20 as shown in Figs. 4 and 5. As binders for forming the green sheets, 
a polyvinyl butyral resin, a plasticizer containing ester phthalate, and a dispersing agent containing sorbitan were added 

s in a total amount of 1 3.4-1 8.5 parts per 1 00 parts of the zirconia material. As solvents, toluene and isopropyl alcohol 
were used in the proportion of 50:50 (by volume). Each combination of the closure plate 26, spacer plate 30 and 
connecting plate 28 as shown in TABLE 1 and TABLE 2 was used to form an integral green laminar structure, which 
was then fired at 1400°C to provide the intended diaphragm structure 22 having eight windows 36. The term firing 
, ratio" indicated in TABLE 1 and TABLE 2 means a value obtained by dividing the dimensions of the each plate (26, 

10 28, 30) before firing by the dimensions of the same after firing at 1 400°C without lamination of the plates (26, 28, 30). 

Each of the thus obtained examples of the diaphragm structure 22 was tested so as to measure the amount of 
buckling, if any, at a portion of the closure plate 26 which closes one of the eight windows 36. The examples were also 
checked for cracking. The test result is indicated in TABLE 3 below, in which "LARGE", "MEDIUM" and 
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TABLE 3 





Buckling 


Cracking 




Buckling 


Cracking 




1 


SMALL 


NOT FOUND 




17 


SMALL 


NOT FOUND 




2 


VS-N 


NOT FOUND 




18 


VS-N 


NOT FOUND 




3 


VS-N 


NOT FOUND 




19 


VS-N 


NOT FOUND 




4 


SMALL 


NOT FOUND 




20 


SMALL 


NOT FOUND 


* 


5 


MEDIUM 


NOT FOUND 


* 


21 


MEDIUM 


NOT FOUND 


* 


6 


MEDIUM 


NOT FOUND 


* 


22 


LARGE 


NOT FOUND 




7 


SMALL 


NOT FOUND 


* 


23 


MEDIUM 


NOT FOUND 




8 


VS-N 


NOT FOUND 


* 


24 


SMALL 


*1 

FOUND A 




9 


VS-N 


NOT FOUND 


* 


25 


LARGE 


NOT FOUND 


* 


10 


MEDIUM 


NOT FOUND 












11 


SMALL 


NOT FOUND 












12 


VS-N 


NOT FOUND 












13 


VS-N 


NOT FOUND 












14 


VS-N 


NOT FOUND 










* 


15 


MEDIUM 


NOT FOUND 










* 


16 


MEDIUM 


NOT FOUND 











vs-N: Very small or almost none 
* Comparative Examples 

* 1 : The buckling was measured at the non-cracked diaphragm 
portion of the closure plate 26. 



"SMALL" respectively indicate the buckling amounts of at least 50u,m (LARGE), 15um-50u/n (MEDIUM), and 1 0u.m- 
1 5u.m (SMALL), while "VS-N B (VERY SMALL-NONE) represents the buckling amount of 0-1 Oum The specimens were 
checked for cracking at eight local diaphragm portions of the closure plate 26 which close the respective eight windows 
36. 

It will be apparent from the result of the above test that the addition of the source material(s) to give at least one 
of additional components, i.e.,alumina (Al 2 0 3 ), calcia (CaO), silica (Si0 2 ) and magnesia (MgO) tothe zirconia materials 
for the spacer plate 30 and the connecting plate 28 is effective to reduce the amount of buckling of the thin diaphragm 
portions of the diaphragm structure 22, or eliminate the buckling, and avoid cracking of the diaphragm portions. Thus, 
the diaphragm structure 22 constructed according to the present invention exhibits high operating reliability at its dia- 
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phragm portions, and can be produced with high efficiency. 
Claims 

5 

1. A zirconia diaphragm structure including a zirconia substrate (4,30) having at least one window (6,36), and a 
zirconia diaphragm plate (8,26) formed integrally with the zirconia substrate so as to close said window at an open 
end thereof, said diaphragm plate including at least one diaphragm portion (1 0) which corresponds to said window, 
characterized in that: 

10 said zirconia substrate contains 0.1 -5.0% by weight of a combination consisting of (i) alumina and calcia, or 

(ii) alumina, calcia and magnesia, or (iii) alumina, calcia and silica, or (iv) alumina, calcia, magnesia and silica, 
and said combination is present in a form which affects the sintering characteristics of said zirconia substrate. 

2. A zirconia diaphragm structure according to claim 1 , wherein said zirconia substrate and said zirconia diaphragm 
is plate comprise partially stabilized zirconia as a major component. 

3. A zirconia diaphragm structure according to claim 1 or 2, wherein said zirconia substrate contains 0.1-5.0% by 
weight of alumina and calcia. 

20 4. A zirconia diaphragm structure according to claim 3, wherein said zirconia substrate contains 0.5-3.0% by weight 
of alumina and calcia. 

5. A zirconia diaphragm structure according to claim 1 or 2, wherein said zirconia substrate contains 0.1-5.0% by 
weight of alumina, calcia and magnesia. 

25 

6. A zirconia diaphragm structure according to claim 5, wherein said zirconia substrate contains 0.5-3.0% by weight 
of alumina, calcia and magnesia. 

7. A zirconia diaphragm structure according to claim 1 or 2, wherein said zirconia substrate contains 0.1-5.0% by 
30 weight of alumina, calcia and silica. 

8. A zirconia diaphragm structure according to claim 7, wherein said zirconia substrate contains 0.3-3.0% by weight 
of alumina, calcia and silica. 

35 9. A zirconia diaphragm structure according to claim 1 or 2, wherein said zirconia substrate contains 0.1-5.0% by 
weight of alumina, calcia, magnesia and silica. 

10. A zirconia diaphragm structure according to claim 9, wherein said zirconia substrate contains 0.3-3.0% by weight 
of alumina, calcia, magnesia and silica. 

40 

11. A method of producing a zirconia diaphragm structure (2) comprising a zirconia substrate (4) having at least one 
window (6), and a zirconia diaphragm plate (8) closing said window at an open end thereof, said method comprising 
the steps of: preparing a zirconia green substrate (14) having at least one window; preparing a zirconia green 
sheet (12); laminating said thin zirconia green sheet on said zirconia green substrate, to provide an integral green 

45 laminar structure in which said window of said zirconia green substrate is closed by said zirconia green sheet; and 

firing said integral green laminar structure into an integral sintered body in the form of said zirconia diaphragm 
structure wherein said zirconia diaphragm plate formed by firing said zirconia green sheet provides a diaphragm 
portion (10) which closes said window of said zirconia substrate formed by firing said zirconia green substrate, 
characterized in that: 

50 said zirconia green substrate which gives said zirconia substrate contains a source material which gives, 

after firing of said zirconia green substrate, 0.1-5.0% by weight of a combinations consisting of (i) alumina and 
calcia, or (ii) alumina, calcia and magnesia, or (iii) alumina, calcia and silica, or (iv) alumina, calcia, magnesia and 
silica. 

55 12. A method of producing a zirconia diaphragm structure according to claim 11, wherein said zirconia green sheet 
and said zirconia green substrate are formed of a first and a second zirconia material, respectively, which each 
comprise partially stabilized zirconia or are partially stabilized after firing thereof. 
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13. A method of producing a zirconia diaphragm structure according to claim 12, wherein said first zirconia material 
for said zirconia green sheet has an average particle size which is smaller than that of said second zirconia material 
for said zirconia green substrate. 

14. A method of producing a zirconia diaphragm structure according to claim 13, wherein said first zirconia material 
for said zirconia green sheet has an average particle size of 0.05-0. 5pm, and wherein said second zirconia material 
for said zirconia green substrate has an average particle size of 0.1-1 .Oum. 

15. A method of producing a zirconia diaphragm structure according to any one of claims 11-14, wherein said zirconia 
green sheet has a thickness determined so that said at least one diaphragm portion has a thickness of not larger 
than 30um 

1 6. A method of producing a zirconia diaphragm structure according to any one of claims 11 -1 5, wherein said integral 
green laminar structure is fired at a temperature of 1 200-1 600°C. 

17. A piezoelectric/electrostrictive film element comprising a zirconia diaphragm structure (22) according to any one 
of claims 1 to 1 0 and at least one piezoelectric/electrostrictive unit (24) formed on said zirconia diaphragm structure, 
said piezoelectric/electrostrictive unit including a lower and an upper electrode (40, 44) and a piezoelectric/elec- 
trostrictive layer (42) interposed between said lower and upper electrodes. 



Patentanspruche 

1. Zirconiumdioxid-Membranstruktur, die ein Zirnoniumdioxidsubstrat (4,30) mit zumindest einem Fenster (6,36) und 
eine Zirconiumdioxidmembranplatte (8, 26) umfaBt, die so einstuckig mit dem Zircon iumdioxidsubstrat ausgebildet 
ist, daB das Fenster an einem offenen Ende davon geschlossen ist, wobei die Membranplatte zumindest einen 
Membranabschnitt (10) umfaBt, derdem Fenster entspricht, dadurch gekennzeichnet, daB 

das Zircon iumdioxidsubstrat 0, 1 -5,0 Cew.-% einer Kombination enthalt, die aus (i) Aluminiumoxid und Kalziumoxid 
oder (ii) Aluminiumoxid, Kalziumoxid und Magnesiumoxid oder (iii) Aluminiumoxid, Kalziumoxid und Siliziumoxid 
Oder (iv) Aluminiumoxid, Kalziumoxid, Magnesiumoxid und Siliziumoxid besteht, und die Kombination in einer 
Form vorhanden ist, die die Sintereigenschaften des Zircon iumdioxidsubstrats beeinfluBt. 

2. Zirconiumdioxid-Membranstruktur nach Anspruch 1 , worin das Zircon iumdioxidsubstrat und die Zirconiumdioxid- 
membranplatte teilweise stabilisiertes Zirconiumdioxid als Hauptkomponente umfassen. 

3. Zircon iumdioxid-Membranstruktur nach Anspruch 1 oder 2, worin das Zirconiumdioxidsubstrat 0,1-5,0 Gew.-% 
Aluminiumoxid und Kalziumoxid enthalt. 

4. Zirconiumdioxid-Membranstruktur nach Anspruch 3, worin das Zirconiumdioxidsubstrat 0,5-3,0 Gew.-% Alumini- 
umoxid und Kalziumoxid enthalt. 

5. Zirconiumdioxid-Membranstruktur nach Anspruch 1 oder 2, worin das Zirconiumdioxidsubstrat 0,1-5,0 Gew.-% 
Aluminiumoxid, Kalziumoxid und Magnesiumoxid enthalt. 

6. Zircon iumdioxid-Membranstruktur nach Anspruch 5, worin das Zirconiumdioxidsubstrat 0,5-3,0 Gew.-% Alumini- 
umoxid, Kalziumoxid und Magnesiumoxid enthalt. 

7. Zirconiumdioxid-Membranstruktur nach Anspruch 1 oder 2, worin das Zirconiumdioxidsubstrat 0,1-5,0 Gew.-% 
Aluminiumoxid, Kalziumoxid und Siliziumoxid enthalt. 

8. Zirconiumdioxid-Membranstruktur nach Anspruch 7, worin das Zirconiumdioxidsubstrat 0,3-3,0 Gew-% Alumini- 
umoxid, Kalziumoxid und Siliziumoxid enthalt. 

9. Zirconiumdioxid-Membranstruktur nach Anspruch 1 oder 2, worin das Zirconiumdioxidsubstrat 0,1-5,0 Gew-% 
Aluminiumoxid, Kalziumoxid, Magnesiumoxid und Siliziumoxid enthalt. 

10. Zircon iumdioxid-Membranstruktur nach Anspruch 9, worin das Zirconiumdioxidsubstrat 0,3-3,0 Gew-% Alumini- 
umoxid, Kalziumoxid, Magnesiumoxid und Siliziumoxid enthalt. 
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11. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur (2), umfassend ein Zircon iumdioxidsubstrat (4) 
mit zumindest einem Fenster (6) und eine Zircon iumdioxidmembranplatte (8), die das Fenster an einem offenen 
Ende davon schlieBt, wobei das Verfahren folgende Schritte umfaBt: Die Herstellung eines grunen Zirconiumdi- 
oxidsubstrats (14) mit zumindest einem Fenster; die Herstellung einer grunen Zircon iumdioxidplatte (12); das La- 

s minieren der dunnen grunen Zircon iumdioxidplatte auf das grune Zirconiumdioxidsubstrat, urn eine einstuckige 

grune Laminatstruktur bereitzustellen, bei der das Fenster des grunen Zirconiumdioxidsubstrats von der grunen 
Zirconiumdioxidplatte geschlossen wird; und das Brennen der einstuckigen grunen Laminatstruktur zu einem ein- 
stuckigen Sinterkorper in Form der Zirconiumdioxid-Membranstruktur, worin die durch Brennen der grunen Zir- 
coniumdioxidplatte gebildete Zirconiumdioxidmembranplatte einen Membranabschnitt (10) bereitstellt, der das 

10 Fenster des durch Brennen des grunen Zirconiumdioxidsubstrats gebildeten Zirconiumdioxidsubstrats schlieBt, 

dadurch gekennzeichnet, da3 

das grune Zirconiumdioxidsubstrat, das das Zirconiumdioxidsubstrat ergibt, ein Ausgangsmaterial enthalt, das 
nach dem Brennen des grunen Zirconiumdioxidsubstrats 0,1-5,0 Gew.-% einer Kombination ergibt, die aus (i) 
Aluminiumoxid und Kalziumoxid oder (ii) Aluminiumoxid, Kalziumoxid und Magnesiumoxid Oder (iii) Aluminiumoxid, 
16 Kalziumoxid und Siliziumoxid oder (iv) Aluminiumoxid, Kalziumoxid, Magnesiumoxid und Siliziumoxid besteht. 

12. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur nach Anspruch 11 , worin die grune Zirconiuni- 
dioxidplatte und das grune Zirconiumdioxidsubstrat aus einem ersten bzw. einem zweiten Zirconiumdioxidmaterial 
gebildet sind, die jeweils teilweise stabilisiertes Zirconiumdioxid umfassen oder nach ihrem Brennen teilweise 

20 stabilisiert sind. 

13. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur nach Anspruch 12, worin das erste Zirconium- 
dioxidmaterial fur die grune Zirconiumdioxidplatte eine durchschnittliche TeilchengroBe aufweist, die kleiner als 
jene des zweiten Zirconiumdioxidmaterials fur das grune Zirconiumdioxidsubstrat ist. 

25 

14. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur nach Anspruch 13, worin das erste Zirconium- 
dioxidmaterial fur die grune Zirconiumdioxidplatte eine durchschnittliche TeilchengroBe von 0,05-0,5 \xm aufweist 
und worin das zwerte Zirconiumdioxidmaterial fur das grune Zirconiumdioxidsubstrat eine durchschnittliche Teil- 
chengroBe von 0,1-1,0 um aufweist. 

30 

15. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur nach einem der Anspruche 11-14, worin die 
grune Zirconiumdioxidplatte eine Dicke aufweist, die so bestimmt ist, daB zumindest ein Membranabschnitt eine 
Dicke nicht uber 30 u,m aufweist. 

35 16. Verfahren zur Herstellung einer Zirconiumdioxid-Membranstruktur nach einem der Anspruche 11 bis 1 5, worin die 
einstuckige grune Laminatstruktur bei einer Temperatur von 1 .200-1 .600°C gebrannt wird. 

17. Piezoelektrisches/elektrostriktives Filmelement, das eine Zirconiumdioxid-Membranstruktur (22) nach einem der 
Anspruche 1 bis 10 und zumindest eine auf der Zirconiumdioxid-Membranstruktur ausgebildete piezoelektrische/ 
40 elektrostriktive Einheit (24) umfaBt, wobei die piezoelektrische/elektrostriktive Einheit eine untere und eine obere 

Elektrode (40,44) und eine zwischen der unteren und der oberen Elektrode angeordnete piezoelektrische/elektro- 
striktive Schicht (42) umfaBt. 

45 Revendications 

1. Structure a membrane de zircone comprenant un substrat en zircone (4,30) ayant au moins une fenetre (6,36) et 
une plaque de membrane en zircone (8,26) faisant corps avec le substrat en zircone afin de fermer ladite fenetre 
a une extr6mit6 ouverte de celle-ci, ladite plaque de membrane comprenant au moins une portion de membrane 
50 (10) qui correspond a ladite fenetre, caracterisee en ce que : 

ledit substrat en zircone contient 0,1-5,0% en poids d'une combinaison consistant en (i) de I'alumine et de 
Toxyde de calcium ou (ii) de I'alumine, de I'oxyde de calcium et de la magn6sie ou (iii) de I'alumine, de I'oxyde de 
calcium ou de la silice ou (iv) de I'alumine, de I'oxyde de calcium, de la magnesie et de la silice et ladite combinaison 
est pr^sente sous une forme qui affecte les caract6ristiques de frittage dudit substrat en zircone. 



55 



2. Structure de membrane en zircone selon la revendication 1 , ou ledit substrat en zircone et ladite plaque de mem- 
brane en zircone comprennent de la zircone partiellement stabilised en tant que composant majeur 
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3. Structure de membrane en zircone selon la revendication 1 ou 2, ou ledit substrat en zircone contient 0,1-5,0% 
en poids d'alumine et d'oxyde de calcium. 

4. Structure de membrane en zircone selon la revendication 3, ou ledit substrat en zircone contient 0,5-3,0% en poids 
5 d'alumine et d'oxyde de calcium. 

5. Structure de membrane en zircone selon la revendication 1 ou la revendication 2, ou ledit substrat en zircone 
contient 0,1 -5,0% en poids d'alumine, oxyde de calcium et magnesie. 

10 6. Structure de membrane en zircone selon la revendication 5, ou ledit substrat en zircone contient 0,5-3,0% en poids 
d'alumine, oxyde de calcium et magnesie. 

7. Structure de membrane en zircone selon la revendication 1 ou 2, ou ledit substrat en zircone contient 0,1-5,0% 
en poids d'alumine, oxyde de calcium et silice. 

is 

8. Structure de membrane en zircone selon la revendication 7, ou ledit substrat en zircone contient 0,3-3,0% en poids 
d'alumine, oxyde de calcium et silice. 

9. Structure de membrane en zircone selon la revendication 1 ou 2, ou ledit substrat en zircone contient 0,1-5,0% 
20 en poids d'alumine, oxyde de calcium, magnesie et silice. 

10. Structure de membrane en zircone selon la revendication 9, ou ledit substrat en zircone contient 0,3-3,0% en poids 
d'alumine, oxyde de calcium, magnesie et silice. 

25 11. Methode de production d'une structure de membrane en zircone (2) comprenant un substrat en zircone (4) ayant 
au moins une fenetre (6) et une plaque de membrane en zircone (8) fermant ladite fenetre a une extremite ouverte 
de celle-ci, ladite methode comprenant les etapes de : preparer un substrat en zircone a l'6tat vert (14) ayant au 
moins une fenetre ; preparer une feuille en zircone a I'etat vert (12) ; stratifier ladite feuille en zircone a I'etat vert 
sur ledit substrat en zircone a I'etat vert pour former une structure laminaire integrale a I'etat vert dans laquelle 

30 ladite fen§tre dudit substrat en zircone a I'etat est ferm6e par ladite feuille en zircone a I'etat vert ; et cuire ladite 

structure laminaire integrale a I'etat vert en un corps fritte integral sous la forme de ladite structure de membrane 
en zircone, ou ladite plaque de membrane en zircone formee par cuisson de ladite feuille de zircone a I'etat vert 
forme une portion de membrane (10) qui ferme ladite fenetre dudit substrat en zircone forme par cuisson dudit 
substrat en zircone a I'etat vert caracterisee en ce que 

35 ledit substrat en zircone a I'etat vert qui donne ledit substrat en zircone contient un materiau de source qui 

donne, apres cuisson dudit substrat en zircone a I'etat vert, 0,1-5,0% en poids d'une combinaison consistant en 
(i) alumine et oxyde de calcium, ou (ii) alumine, oxyde de calcium et magnesie, ou (iii) alumine, oxyde de calcium 
et silice, ou (iv) alumine, oxyde de calcium, magnesie et silice. 

40 12. Methode de production d'une structure de membrane en zircone selon la revendication 11, ou ladite feuille en 
zircone a I'etat vert et ledit substrat en zircone a l'6tat vert sont formes d'un premier et d'un second materiau de 
zircone respectivement, dont chacun comprend de la zircone partiellement stabilisee ou bien sont partiellement 
stabilises apres cuisson de celle-ci. 

^5 13. Methode de production d'une structure de membrane en zircone selon la revendication 12, ou ledit premier ma- 
teriau de zircone pour ladite feuille de zircone a I'etat vert a une grandeur moyenne de particules qui est plus petite 
que celle dudit second materiau de zircone pour ledit substrat en zircone a I'etat vert. 

14. Methode de production d'une structure de membrane en zircone selon la revendication 13, ou ledit premier ma- 
50 teriau de zircone pour ladite feuille de zircone a I'dtat vert a une grandeur moyenne de particules de 0,05-0,5 ^im 

et ou ledit second materiau de zircone pour ledit substrat de zircone a I'etat vert a une grandeur moyenne de 
particules de 0, 1 -1 ,0 urn 

15. Methode de production d'une structure de membrane en zircone selon Tune quelconque des revendications 11-14, 
55 ou ladite feuille en zircone a I'etat vert a une epaisseur determinee de facon que ladite au moins une portion de 

membrane ait une epaisseur qui ne d6passe pas 30 um 

16. M6thode de production d'une structure de membrane en zircone selon Tune quelconque des revendications 11 -1 5, 



16 



EP 0 649 008 B1 

ou ladite structure laminaire integrate a Petat vert est cuite a une temperature de 1 200-1 600°C. 

1 7. Element de film piezoelectrique/electrostrictif comprenant une structure de membrane en zircone selon Tune quel- 
conque des revendications 1 a 10 et au moins une unite piezoelectrique/electrostrictive (24) formee sur ladite 
structure de membrane en zircone, ladite unite piezoeMectrique/electrostrictive comprenant une electrode interieure 
et une superieure (40, 44) et une couche piezoelectrique/electrostrictive (42) interposee entre lesdites electrodes 
inferieure et superieure. 
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FIG. 5 
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